BACKGROUND To establish international standards for medical schools, an appropriate panel of experts must decide on performance standards. A pilot test of such standards was set in the context of a multidimensional (multiple-choice question examination, objective structured clinical examination, faculty observation) examination at 8 leading schools in China.
INTRODUCTION
National and international rhetoric on outcomebased education has been running far ahead of both practical examples of implementation and the educational methods necessary to ensure the quality of such standards. Yet individual medical schools, 1 countries 2 and international organisations 3, 4 are working to implement the necessary means through which educational outcomes can be assessed.
At the international level, the Institute for International Medical Education (IIME) outcome-based assessment project has identified a set of internationally defined outcomes for undergraduate medical education 3 and the means with which to evaluate these outcomes. 5 The IIME implemented the outcomes assessment in a pilot project in China during the autumn of 2003. The underlying principle of the IIME project is that students are the outcome of medical education; therefore the aggregate performance of graduating students defines the areas of strength and weakness in the medical education experience provided by the school.
Based on existing work from many countries (General Medical Council, UK; CANMeds, Canada; Scottish Doctor, Scotland, UK; Association of American Medical Colleges, USA) an international panel of medical education experts worked over 18 months to develop a set of 60 minimum and essential outcome-based competencies for graduating medical students. 3 These competencies were written such that they could all be measured, and were categorised into 7 domains:
1 professional behaviour and ethics; 2 scientific foundations; 3 communication skills; 4 clinical skills; 5 population health; 6 information management, and 7 scientific thinking.
A group of international assessment experts subsequently met to identify the best methods for evaluating these competencies and created a blueprint for the examination using 3 assessment methods: the multiple-choice question (MCQ) examination, the objective structured clinical examination (OSCE), and longitudinal faculty assessment. 5 This blueprint was then used to create a set of examinations in China.
This project examined all Year 7 (graduating) students at 8 leading medical schools in China, using a 150-item MCQ examination, a 15-station OSCE, and a 16-item faculty observation form used at least once per month for 3 months on each student. Each assessment type measured multiple domains of competence (Table 1) . When this set of assessments had been completed, the IIME team had over 200 000 data points on graduating students at 8 schools, but no standard against which to measure these outcomes. Using established educational methods, student-level standards were set for these examinations. 6 Although this was the first set of international examination standards set in medical education of which we are aware, the process went at least as smoothly as our experiences with similar standardsetting processes at our individual institutions. As much as student-level standards are essential to determine if graduates are to attain the expected competences for the next phase of their training, it is also essential to evaluate the quality of the school and its capacity to deliver an educational programme that facilitates the attainment of outcomes. Consequently, outcome-based standards seek student-level standards as well as school-level standards. While student-level standard setting has been successfully performed in many contexts, we are not aware of any efforts to provide international school-level standards. The purpose of student-level standard setting is to identify the cut-off point above which a student can be considered competent. The purpose of school-level standards is to identify the cut-off point above which the school can be considered competent. The assessment on which the student cut-off score is applied is a particular examination or component of an examination. The assessment on which the school cut-off score is applied is an aggregate of student performances on a
Overview
What is already known on this subject National and local authorities are calling for evidence of educational outcomes. Aggregating student examination scores to the level of schools leaves open the question of how to set school-level performance standards.
What this study adds
This study describes a method for setting international school-level outcome standards and how those standards were applied in the context of an 8-school examination in China.
Suggestions for further research
Further validation of this method and the standards set by this method are necessary. Additional research on school-level outcomes will be needed as calls for school accountability continue. For example, imagine an OSCE on which there is a communication skills composite score (averaged over multiple stations) ranging from 1 (low performance) to 5 (high performance). A student-level standardsetting panel reviews the OSCE stations and scale, and arrives at a cut-off score of 3.9. Any individual student who scores above this would be considered to meet the standard; below it, the student would be considered to have an educational weakness that needs attention. At the school level, an aggregate of student performances might indicate that 1%, 10% or 50% of students fall below the student-level standard. At what point would you consider the aggregate student performance to indicate that the school does not meet standards? Certainly, if 1 or 2 students fall below standards, the school should not be held accountable. But what if 10%, 20% or 50% of students fall below standards? At some point along this continuum, the school-level standard should be set.
The purpose of this paper is to describe a process through which this school-level standard can be set using pilot data and information from the IIME pilot examination in China.
METHODS

Participants
In any standard-setting process, a critical element is the choice of those who will set the standard. 7 In this project, the target was the competency of the school, so we selected individuals who had close contact with and substantial experience in evaluating medical schools. Having served as deans of medical schools, health ministry advisors, or on external review committees, most panellists had had the opportunity to observe and evaluate a wide range in quality of medical schools internationally prior to this project. In addition, panellists were chosen to create geographic diversity. The 16 individuals had been employed as educational leaders in 13 different countries -some were doctors, some were in the basic sciences, and all were experts in medical education. This group had worked together since 2000, on both writing the IIME Global Minimum Essential Requirements 3 and guiding their assessment.
All individuals were sent materials in advance of the meeting, including papers on the IIME project and standard setting, and sample examination materials from the 3 examination instruments.
Standard-setting procedures
The opening session of the meeting included a review of the IIME project, a review of standardsetting methods, and a description of the studentlevel standards set by a different panel the previous month. 6 In this presentation, the details of participants, standard-setting processes and outcomes were provided. Decisions about which cut-off scores to use (Angoff, Hofstee or combined 7 ) were reviewed, and the student-level standards were approved by the Core Committee.
The key task for setting school-level standards was to get a committee of international experts to simultaneously consider the competency domains and examination items, and the percentage of students who could fall below a cut-off score while still allowing the school to be considered as meeting competencies.
The standard-setting process at the school level was comprised of 2 main steps. • what constitutes a borderline school;
• the relative difficulty for a borderline school to achieve acceptable standards in a given competency domain; • the assessment materials used to assess the outcome domain, and • student-level standards set on assessment instruments.
2 Committee members must estimate the percentages of students falling below the standard in a given domain that are tolerable in a borderline school.
Step 1
What constitutes a borderline school?
Author MFB-D facilitated a discussion of the Ôbor-derline schoolÕ in a manner similar to that used during Angoff method discussions of the Ôborder-line studentÕ. 7 Most committee members had served on accreditation committees, and the borderline discussion quickly generated a profile of the borderline school agreed by all international participants. For example, borderline schools might standards and assessment exist because they accept students with lower initial abilities, because their programmes of education are incomplete, or because the school invests inadequate resources in education. Keeping the performance of students from a borderline school in mind was a critical element of the standardsetting process.
The relative difficulty for a borderline school to achieve acceptable standards for a given domain
In standard-setting procedures, panellists are provided with information that helps them decide how realistic their estimates might be. The committee members were asked to consider the question: In a borderline school, what will be the likelihood of achieving minimal competency in each of the domains? The exercise was an attempt to help committee members consider the constraints of borderline schools, recognise the existing realities and recognise that not all domains might be fully attainable. In doing so, committee members made decisions about issues such as what is ÔattainableÕ and what is ÔtolerableÕ for rating each item domain.
Assessment materials
Committee members reviewed all test items assigned to each domain by assessment type. If there were multiple methods for assessing a single domain, this process was repeated for each measurement type (MCQ, OSCE, faculty observation).
Student-level standards set on the assessment materials for each domain
Committee members reviewed the student-level standards (cut-off score), for each of the assessment instruments.
Step 2 1 Committee members provided initial estimates of the percentage of students falling below the standard that is tolerable in a borderline school for each of the assessment instruments per domain. 2 Initial ratings were projected on a screen and discussion of high and low ratings took place. 3 Anonymous school-level data from 8 leading schools in China were shown, indicating the consequences of the school-level cut-off scores on the percentages of students falling below the domain standard for each school (Fig. 1, Table 2 ). 4 Final (revised) ratings were discussed and defined. 5 Ratings were applied to school-level data, with fewer failures than the cut-off score constituting ÔstrengthÕ and more failures constituting a Ôneed for improvementÕ.
The standard-setting process took 3 days to complete. Data analysis was performed using SPSS. Traditional measures of reliability were not possible to calculate with only 1 observation per domain per rater. Comparisons between school-level standards, student-level standards, and student failure rates were performed using Spearman correlation coefficients.
RESULTS
Across all modes of examination, initial tolerable failure rates ranged from 10% to 26%, reflecting the raters' estimation of how well the domain was sampled, the accuracy of the assessment method, and the allowable percentage of failing students in a competent school. (Table 3 ) These initial cut-off scores were set after review of domains and examination materials, but before reviewing student or school failure rates. With a single exception, there was little difference between initial and subsequent ratings after reviewing school failure rates.
In this standard-setting exercise, standard deviations generally decreased from the initial to the final ratings, demonstrating group consensus development. Raters were expected to consider variation in the student-level cut-off scores as they set school-level standards. To measure this effect, we found strong correlations between the initial and revised schoollevel cut-off scores and student-level cut-off scores (initial cut-off scores r ¼ ) 0.48, P ¼ 0.09; revised cut-off scores r ¼ ) 0.69, P ¼ 0.01) Raters were also expected to review the examination material and adjust school-level cut-off scores in some relation to expected actual student failure rates. The Spearman correlation coefficient between initial school-level cut-off scores and student failure rates by domain was not significant (Spearman r ¼ 0.374, P ¼ 0.21, n ¼ 13 ratings); however, the relationship between revised school-level cut-off scores and student failure rates was substantial (Spearman r ¼ 0.59, P ¼ 0.03). Average rater stringency ranged from 12.5% to 20% tolerable failure rates, indicating a fair degree of agreement on the overall range of acceptable failure in a competent institution.
DISCUSSION
This paper describes a method that can be used to set school-level outcome standards at an international standards and assessment Table 2 These data were shown simultaneously to the school-level standard-setting panel to aid in consideration of the consequences of ÔtolerableÕ failure rates
School
Percentage of students below standard level. While the examination methods and procedures will need further refinement and improvement, along with validation using other examinations in other countries, the procedures set out in this paper provide a blueprint for how the profession can achieve internationally agreed standards for performance.
Although these procedures are not designed to produce results adequate for high-stakes, individual student reliability, medical students can use data from an examination like this to determine whether their performance approximates international standards. Medical schools can use data from this evaluation to determine both the baseline strengths and weaknesses of their programmes, as well as the impact of educational interventions with follow-up evaluation. Ministries and medical school organisations can use aggregate results across schools to determine funding priorities across institutions without concern for local biases.
The strengths of this process include its similarity to other standard-setting procedures, with the extension to a larger unit of analysis. The procedure itself is familiar to medical educators, but the task is a bit more complex in that it requires panel members to simultaneously consider 3 dimensions: the domain assessed; student performance, and the reflection of aggregate performance on school quality. Regardless, this panel was able to quickly understand and engage in this task, providing reasonable and consistent ratings of acceptable examination performance with which to rate schools.
Setting standards is not an exact science. It relies upon expert judgement and the combined opinions of multiple individuals. Therefore, the most important component in the process is the selection of the experts who set these standards, and we took great care to invite individuals who had the necessary expertise. That said, the standards reflect the opinions of these individuals, and future standard-setting with other panels is required for full validation. In addition, the standards were set on assessment instruments that have varying degrees of precision. While the panellists took this examination-type variability into account in setting standards, further work on developing reliable instruments will improve the overall process. Ultimately, this procedure and the IIME project itself require further validation with additional testing material from other countries. It is likely that this initial set of school-level cut-off scores will be adjusted over time with the addition of new data. However, given the small adjustments in scores after viewing consequential data, it is unlikely that a panel similar to that described in this paper will come to significantly more stringent or lenient conclusions about school-level performance.
External independent assessment of competencies provides valuable information for schools and countries that are being held increasingly accountable for the future performance of their graduates. 8 These outcomes are important because of the degree to which they meet an international standard. The standard-setting procedures outlined in the paper provide educators with the tools with which to assess school-level outcomes. Ensuring international standards in medical schools is a critical step towards developing a competent global health care workforce and to promoting quality medical care for patients worldwide.
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